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Abstract 
A study is reported on a two lane in-service pre-stressed concrete bridge having susceptible 
vibrations under service traffic conditions. The bridge was 1300 ft long with thirteen simple pre-
cast post tensioned spans resting on in-situ bridge piers. The client reported significant 
vibrations under service loads and requested a solution. The bridge did not have a top wearing 
surface. Bridge design drawings were provided. The methodology of health assessment included 
the visual inspection followed by analysis with the help of drawings provided by the client. The 
records of concrete strengths along with prestressing protocols were missing. The static and 
dynamic bridge response using static and moving three different loaded vehicles (over loaded 
tractor trolley, unloaded 5 Axle vehicle loaded trailer and loaded 5 axle trailers) was monitored. 
Core samples from the bridge deck were taken. NDT, Digital half-cell and electrical resistivity 
readings were taken at various locations of bridge. The results indicated some design 
inadequacies, faulty construction methodologies, improper maintenance and lack of awareness 
even by the professionals to deal with such structures. The remedial measures were suggested in 
terms of strengthening and maintenance of bridge. 
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1. Introduction 
Poor quality of execution of engineering projects gives rise to the serviceability 
concerns. A similar case study of a 1300 ft long pre-stres
each along North-South direction) with precast post-tensioned girders is presented. The 
structure showed excessive vibrations under normal traffic load. It was completed in 
year 2008 and put to use without applying top wearing surface.  
Following were the main observations and concerns.  
 Serviceability and Durability Problems  Excessive Vibrations under service traffic.  
 Caving-in of Deck Slab due to formwork settlement during construction stage. 
 Uncertain Concrete Strength and Structural Capacity of various members. 
 Visible corrosion and exposed bars from deck slab. 
 Perceptible Horizontal and vertical bridge deflections under moving traffic. 
The total width of bridge deck was 30 ft with 24 ft of roadway and 3 ft footpaths on 
both sides. Deck Slab thickness in the design was 7 in. Specified 28 day compressive 
strength of Pre-stressed Girders using 6 inch cubes was 6000 Psi while for other RCC 
members, it was 3750 Psi. Deck Slab thickness in the design was 7 in. Specified 28 day 
compressive strength of Pre-stressed Girders using 6 inch cubes was 6000 Psi while for 
other RCC members, it was 3750 Psi. The deck was supported on 3 main girders at 8 ft 
centers in addition to having lateral diaphragms with no shear keys at transoms (DRG. 
NO. RT-SP-01). 
2. Test Program and Methodology for Performance Evaluation 
After a preliminary visit, the client was asked to erect temporary supports for 
instrumentation. Two Spans, 1st from North and 2nd from South (Figure 1) were selected 
for testing on the plea by Client that other spans were not accessible due to flowing 
water and it was not possible for them to erect temporary supports for instrumentation 
in those spans. The bridge was instrumented with deflection gauges as shown in Figure. 
2. 
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Figure 1. Load Positions and location of girder for Load 
test (Plan View) 
Deflections of selected girders for various load positions and magnitudes were 
measured. The central deflection of girders was assumed to be proportional to the load 
attracted by it assuming equal flexural stiffness of all three girders. Based on this idea, 
distribution factors were calculated and load was assumed to be distributed in 
proportional to these factors. Stresses developed due to pre-stressing and dead loads 
were evaluated in order to work out a safe value of live load. The safe load was then 
compared with service loads to achieve an existing factor of safety. The material quality 
and strengths were assessed by Nondestructive tests (NDTs). Core samples were also 
extracted, for destructive load results, from the deck slabs.  
2.1  Non Destructive Tests 
The problem of corrosion deterioration of concrete bridges was first identified in 
United States in early 1960's (Richard et al.). The ultimate strength and material 
properties of concrete like strength and modulus of elasticity estimated from Non 
Destructive tests can vary from actual values and load tests as well as NDT data can be 
used for assessment purposes (Jaroslay et al. 2002). 
To assess the quality of concrete as well as embedded steel, four different tests were 
performed at various selected locations of bridge including abutments, girders, 
diaphragms and deck slab panels. The tests include Ultrasonic Pulse Velocity Test, 
Electrical Resistivity Test, Half Cell corrosion Test and Schmidt (Rebound) Hammer 
test. 
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2.2  Destructive Tests 
Cores were extracted from deck slabs in order to get an idea of in-service 
compressive strength and its comparing with design specified values.  
2.3.  Load Tests 
Six deflection gauges were installed at the mid of girders of the two investigated 
spans to record the vertical deflections with different load positions on the deck. One 
gauge was used to monitor the horizontal deflection of one exterior girder at its mid 
span. The deflections were determined under the following three loading cases. 
a) Loaded Tractor Trolley 
b) Empty 5 axle Trailer 
c) Loaded 5 axle Trailer 
A single axle tractor trolley (overloaded with bricks-a usual sight on this bridge) 
was first brought to static at 12 different loading positions as shown in Figure.1 
 
Figure 2. Test Arrangement showing deflection gages at mid span of girder. 
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Figure 3. Loaded 5 axle trailer over deck. Rain water on deck shows poor and uneven surface. 
Vertical and horizontal deflections were recorded for each loading position. Then, 
an empty 5 axle trailer with three rear axles and two engine axles was hired by the 
client. The axle loads were noted by weighing them on the platform. Trailer was 
brought to selected locations to record deflection values. Thereafter, the empty trailer 
was loaded by the labor hired by client using sand bags. The axle loads for these three 
loading cases are given in Table 1. The total weight of the sand bags on the trailer 
portion was 57.5 Tons as shown in Figure 3. Figure 4 also shows inadequate 
construction and absence of safety provisions on this inadequately constructed bridge. 
 
Figure 4. Exposed steel of railing poses safety problems  and attracts corrosion-a longitudinal bridge 
view. 
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Table  1. Axle loads of Loading Vehicles 
A sample from river water was also taken and tested for accessing the possible 
sulfate and chloride ion concentrations with a view to get an idea about possible 
deleterious actions on the RC cast in situ sub-structure. The results are shown in Table 
2. It was found that water quality, ignoring biological micro-organisms, could not be a 
source of future problems to the sub-structure. 
Table  2. Water Quality results 
PH 7.9 
Total Dissolved Solids 
(TDS) 
202 mg/L 
Chlorides (Cl) 57 mg/L 
Sulfates (SO4) 38 mg/L 
3. Results and Discussion 
th and 7th span 
(from south) and were tested in compression at a loading rate of 0.2 MPa/s (29 Psi/sec). 
Their heights were 8.13 inch and 10.25 inch respectively due to excessive formwork 
2508.5 Psi and 2842.0 Psi with an average value of 2675.25 Psi which is around 3290 
Psi cube strength (British Standards Institution Draft for Development 1992) against 3750 
Psi specified cube strength value. The reduction in strength may be due to poor concrete 
quality and cracks. A relatively large inclined dead crack having an average crack width 
of 1.6 mm was found on the soffit of middle girder of second span at 25 ft from start. 
Some significant cracks were also reported to be present in other inaccessible spans of 
this bridge on river. 
Schmidt Hammer test was performed on all girders and deck slabs from the top 
uneven surface of bridge deck. The results shown in Figures 5 and 6 indicated that the 
average of  Even the lowest 
value of rebound numbers seems to be an upper bound because most of the times it was 
at or near the coarse aggregate. The estimated strength comes out to be 3340 Psi. 
Vehicle Total 
Weight 
(Tons) 
Engine Axle (Ton) Trailer Axle (Ton) 
1 2 1 2 3 
Loaded 
Tractor 
Trolley 
15.759 3.503 15.256 - - - 
Empty 
Trailer 15.82 3.44 4.81 2.5 2.48 2.59 
Loaded 
Trailer 73.22 6.15 23.9 17.67 10.81 14.69 
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Figure  5. Rebound number values for three girders in all thirteen spans. 
 
Figure 6. Rebound number values of deck slab in all thirteen spans 
The Ultrasonic pulse Velocity Test Results (ASTM C 597-97) indicated a poor 
quality concrete at north abutment and deck slab of 13th span. Results are shown in 
Table 3. Electrical Resistivity of concrete was checked at various locations where bars 
were exposed. The results showed a high rate of corrosion (Digital Resistivity Array meter 
DRAM 02 User Guide) in pre-stressing strands causing a possible localized loss of pre-
stress force rendering the structure susceptible to excessive vibrations under service 
load conditions. The presence and location of corrosion was also assessed quantitatively 
by measuring concrete surface electrical potentials to a standard reference electrode 
using digital Half Cell Corrosion Tester. The results also indicated that RCC work in 
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both North and South abutments is subjected to high amounts of corrosively active steel 
(Digital Half Cell Test Kit DHC 04 User Guide) as shown in Tables 4 and 5. 
Table 3. Ultrasonic Pulse Velocity Test Results 
Element Position of Probes Velocity 
(Km/s) 
Concrete Quality 
Left Girder in 2nd Span Mid Height 3.37 Good 
Left Girder in 2nd Span Inclined Part of Flange 3.55 Good 
Left Panel of 2nd Span 
Slab 
Mid- Across 
Thickness 3.08 Medium 
Left Girder in 13th Span Inclined Part of web 3.15 Medium 
Left Panel of 13th Span 
Slab 
Mid Across 
Thickness 2.62 Poor 
North Abutment Across Thickness 2.76 Poor 
Horizontal and Vertical deflections recorded from Load tests are shown in Figures 
7, 8 and 9. It can be observed that for span 2, the point of same vertical deflection of all 
three girders corresponds to the position when the tractor load was at 6 ft to 7 ft from 
left edge. However it was shifted towards right in case of span 13, indicating unequal 
structural capacity or distribution of stiffness among girders. Possible reasons of 
difference in both vertical and horizontal deflections between the two spans might 
include unequal pre-stressing and reduction in elastic modulus and Inertia due to poor 
formwork and cracks. However, a linear Load-Deflection response rules out the 
possibility of structural failure of girders under service loads and indicates some unused 
or reserve factor of safety. Similar was the response in case of loaded trailer. 
Table 4. Electrical Resistivity Test Results 
Element Location Resistivity (K Ohm-cm) Corrosion rate 
Pre-stressing Strand Stopper 8.23 High 
13th Span Mid Diaphragm Mid Span 7.78 High 
Middle Girder in 2nd Span End 37.54 Nil 
1st Span Abutment 14.44 Low 
Abutment Slab Edge 4.46 Very High 
The Shallow girders at relatively larger spacing, absence of shear keys, out of 
alignment diaphragms, caved-in deck slabs all make the bridge in question inadequate. 
It was quite difficult to estimate the remaining useful service life precisely and that too 
will be at reduced factor of safety. 
Considering 30% impact on the live load along with existing dead loads, it was 
estimated that the existing factor of safety for girders is between 1.52 and 1.69 under the 
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idealized conditions. This will further drop with time and with the provision of extra 
dead load in terms of wearing surface. 
Table 5. Digital Half Cell Corrosion Test Results 
Element Location Electric Potential (mV)  % Steel Corroded 
Left Girder in 13th 
Span Bottom -201 3 % 
13th Span Mid 
Diaphragm Bottom -211 7 % 
Middle Girder in 
2nd Span Bottom -177 1 % 
North Abutment 
RC work 
Left 
Edge -175 21 % 
South Abutment 
RC work 
Left 
Edge -203 11 % 
 
Figure 7. Vertical deflections of girders under front axle of 73 ton trailer load 
 
Figure 8. Vertical deflections of girders under front axle of 73 ton trailer load 
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Figure 9. Horizontal deflections of right girder 
under front Axle of 18 ton tractor load 
4. Overall Assessment  
Selection of an optimum rehabilitation strategy was a difficult keeping in view the 
limiting resources including the requirement of allowable deterioration limit (Chunlu et 
al. 1997).  
Reported presence of cracks combined with the observed corrosion of steel may add 
to durability problems. The diaphragm beams poured in-situ also had poor concrete 
quality and alignment. There were no shear keys which are essential for lateral stability 
of the bridge.  The depth of girder seems to be on the lower side (AASHTO 2007). All 
these factors gave rise to vibrations at service loads.  
5. Rehabilitation Strategy 
Both sides of the deck slab must be immediately treated/ coated with an appropriate 
epoxy/polymer coating and thereafter routine bituminous wearing surface may be 
provided to reduce the impact. The bridge can however be put to use by permitting one-
way vehicular traffic only after doing the needful. 
a) All surfaces of bridge components must be immediately sealed with polymer. All 
exposed steel reinforcements must be protected immediately. 
b) The expansion joints may be replaced with better quality joints reducing impact of 
wheel loads. 
c) The dead cracks appearing in the girders and diaphragms should be filled with 
suitable epoxies to prevent further corrosion.  
d) External pre-stressing (Stephen and George 2003) may be considered for 
rehabilitating the girders. 
-
-
-
D
ef
le
ct
io
n 
(m
m
)
Location of Load from Left Edge (ft)
Span 2
Right Girder ( nd 
Span)
646   S. A. Rizwan et al. /  Procedia Engineering  54 ( 2013 )  636 – 647 
e) Tractor trolley loaded with bricks may be discouraged by imposing higher toll than 
other goods carried by vehicles. 
6. Conclusions 
1. Most of the problems occurred due to change of contractor during execution stage. 
2. Poor quality control and relatively inexperienced second appointed contractor was 
also a source of problems associated with the safe performance of the bridge. 
3. Design stage oversight by the consultant in terms of relatively shallow depth of the 
main post-tensioned girders and omission of shear key at transom may also be factors 
responsible for poor service performance of the bridge. 
4. It is very difficult and uneconomical to rehabilitate a problematic bridge. Efforts 
should be made of avoid the above mentioned shortcomings for the better 
performance of bridge. 
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